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A hybrid DNA is characier- 
izcd in that a DNA structure that 
codes for a suhunit of a biicicrial 
toxin is fused with a HlyA (henn>l- 
ysin)-coding DNA siruciurc or its 
C-ierminal fragment. Also dis- ^ Im 
closed are plasmides. host str;iins, " — 
oligohyhridpcpiides and vaccines 
obtained bv use of said hvbrid 
DNA. 

(57) Zusammenfassung 

Die Erfindung beiriffi Hy- 
brid- DNA, die dadurch gekenn- 
zeichnet isl. daft eine DNA-Struk- 
lur. die eine Untercinheit eines bak- 
leriellcn Toxins kodicrt. mil eincr 
HlyA (Huemolysin) kodierenden 
DAN-Struktur bzw. dcsscn C-ier- J„ 

minalem Fragment fusionicrt isi. ' 7r ^ 

ferner beirifft die Erfindung Plas- ' 

mide. Winssiiimme. Oligohybridpcpiidc und Impfstoffe unier Verwendung dcr gcnanntcn Hybrid-DNA. 
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Bacillary dysentery, caused by species of Shigella, is an 
invasive disease of the colonic mucosa that is limited to humans 
and certain other primates. Shigella dysenteriae 1 (Shiga's 
bacillus) causes the most severe form of the disease and can 
lead to severe complications like the haemolytic uraemic 
syndrome (H.U.S. which comprises haemolytic anaemia, 
thrombocytopenia and acute renal failure) , leukemoid reactions 
and sepsis, particularly in infants. It is presently responsible 
for a major pandemic afflicting the Indian subcontinent, parts 
of Africa, South East Asia, China and pax^ts of Latin America. 

One of the distinguishing features of S. dysenteriae 1 is its 
production of large quantaties of Shiga toxin, one of the most 
potent cytotoxins known. Although Shiga toxin kills a wide 
variety of cell types, it is particularly active on vascular 
endothelial cells, which probably accounts for the severe 
complications associated with infections by Shiga's bacillus. 
Anti-dysentery vaccines should thus provide protection not only 
against the orga'iism itself but also against Shiga toxin. 

Shiga-like toxins also play a role in other infections of man 
and animals. Some serotypes of Escherichia coli such as 0157 :H7, 
produce haemorrhagic colitis, an afebrile watery diarrhoea that 
progresses to bloody diarrhoea, and in experimental animals, the 
typical symptoms of haemorrhagic colitis are produced by 
administration of purified toxin alone. Frequently associated 
with haemorrhagic colitis are severe complications such as 
H.U.S. which are also associated with Shiga bacillus infections. 
Shiga-like toxing producing E. coJi serotypes also produce 
serious diseases, such as edema disease of pigs, in farm animals 
which lead to substantial economic losses. 



There is thus an urgent need to develop vaccines for both human 
and animal applications against Shiga and related toxins. 

Shiga and Shiga-like toxins are bipartite molecules consisting 
of two distinct types of subunit; the A-subunit {Mr=32,000) and 
the B-subunit (Mr=7,700) which associate noncovalently with an 
apparent subunit stoichiometry of one A-chain and five B-chains. 
The A-subunit is toxic to eucaryotic cells and the B-subunit has 
a receptor binding site which permits uptake of the toxin into 
the cells. Therefore an effective mucosal and serum anti-toxin 
immune response directed against the B-subunit should prevent 
the entry of toxin into host intestinal epithelial cells and 
vascular endothelial cells thereby eliminating the severity of 
the disease. 

However, obtaining high levels of expression of foreign 
polypeptides in vaccine strains suffers from several drawbacks 
e.g. 

(i) fusion of heterologous polypeptides to carrier molecules, 
such as the LamB protein, is often difficult because there is a 
limit on the size of the passenger polypeptide that can be 
stably inserted (Charbit et al . 1988/ Guo-fu Su et al . 1992), 

(ii) high level expression of heterologous polypeptides in the 
cytoplasm often results in the degradation of the protein and 
formation of inclusion bodies, 

(iii) fusion of foreign polypeptides to carrier molecules such 
as K-galactosidase to obtain expression in the cytoplasm also 
often results in toxicity to the cell making the vaccine strains 
sick . 

There is therefore a need to develop suitable expression systems 
where large heterologous polypeptide can be stably expressed at 
high levels without forming inclusion bodies or resulting in 
toxicity to the vaccine strains. 



Recently, a genetic system has been developed to export 
passenger proteins from E. coli to the medium via fusion to the 
23 kD C-terminal signal domain of haemolysin (HlyA) (Mackman et 
al. 1987) . The haemolysin genes are organized in an operon (hly 
C, A, B, D) and the HlyC protein is involved in post- 
translational activation of the 107 kD HlyA protein to its 
active form. Tlie export mechanism includes a specific secretion 
signal within the last 50 C-terminal amino acids of HlyA and a 
membrane bound translocation complex, composed of HlyB and HlyD 
(Wagner et al . 1983), and at least one host protein, the minor 
outer membrane protein TolC (Wandersman and Delepelaire 1990) , 
which transports the HlyA molecule directly to the medium 
without periplasmic intermediate (Gray et al . 1986; Koronakis et 
al . 1989) . 

In the following this art is explained in greater detail. In 
order to develop oral vaccines against infections caused by 
Shigella dysenteriae 1, hybrid attenuated Salmonella strains 
expressing the 0-antigen of 5. dysenteriae 1 have been 
constructed (Mills et al. 1988; Mills and Timmis 1988) with the 
aim to stimulate 0-antigen specific, localized mucosal immune 
responses. A necessary additional component in the hybrid 
vaccine strains is the inclusion of suitably expresssed Shiga 
toxin B-subunit to elicit immune responses that will neutralize 
the biological activity of the toxin to reduce the severity of 
the disease. 

The expression of foreign polypeptides fused to carrier 
molecules, such as the LamB protein, suffers from a drawback 
that there is a limit on the size of the passenger polypeptide 
that can be stably inserted (Charbit et al . 1988; Guo-fu Su et 
al . 1992). For larger polypeptides alternative approaches can be 
used such as fusion to the N-terminal region of fi-galactosidase 
(Jakob et al. 1985; Brown et al . 1987; Guo-fu Su et al . 1992), 



Recently, a genetic system has been developed to export 
passenger proteins from E. coli to the medium via fusion to the 
23 kD C-terminal haeniolysin (HlyA) signal domain (Mackman et al. 
1987) with the aim to purify recombinant proteins. 

The cytotoxin, haemolysin, is secreted by uropathogenic strains 
of Escherichia coli (Welch et al . 1981) and is translocated into 
the medium without the aid of an N- terminal signal, secA, secY 
route (Felmlee et al. 1985; Blight et al . 1990). The haemolysin 
genes are organized in an operon (hly C, A B, D) and the HlyC 
protein is involved in post-translational activation of the 107 
kD HlyA protein to its cytotoxic form. The export mechanism 
includes a specific secretion signal within the last 50 C- 
terminal amino acids of HlyA and a membrane bound translocation 
complex, composed of HlyB and HlyD (Wagner et al . 1983), and at 
least one host protein, the minor outer membrane protein TolC 
(Wandersman and Delepelaire 1990) which transports the HlyA 
molecule directly to the medium without a periplasmic 
intermediate (Gray et al . 1986; Koronakis et al . 1989). 

According to the invention the Shiga toxin B-subunit has been 
fused to the 23 kd C-terminus of E. coli haeir.olysin A (HlyA) and 
it has been found that the fusion protein is exported from 
attenuated antigen carrier strain of Salmonella typhiiDurium 
aroA- (SL3261) . The expression of the gene fusion has been 
studied under the control of a modified synthetic S-lactamase 
promoter (constitutive expression) and under the in vivo 
inducible aerobactin promoter. Oral and intra-peritoneal 
immunization of mice with the hybrid Salmonella typhiinuriuw 
aroA- (SL3261) strains resulted in the stimulation of significant 
B-subunit-specif ic mucosal and serum antibody responses. 
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This is the first report where a candidate antigen has been 
exported from antigen carrier vaccine strain of Salmonella to 
elicit antigen-specific immune responses. The system has the 
following advantages; 

(i) large polypeptides can be fused to the haemolysin export 
machinery so long as the heterologous polypeptide does not 
encode "stop transfer" sequences, 

(ii) since the fusion protein does not accumulate within the 
cells, reasonably high levels of expression can h ^ achieved 
without resulting in toxicity to the vaccine strain. 

This system is therefore appropriate for expression of Shiga- 
like toxins such as SLT-II and SLT-IIv to elicit strong immune 
responses against their receptor binding B-subunits, and against 
other bacterial toxins of mucosal pathogens. 

According the the invention the Shiga toxin B-subunit protein 
has been fused to the 23 kD C-terminus of HlyA to export the B- 
subunit/HlyA fusion protein to the extracellular medium. These 
chimeric proteins have been expressed in Salmonella typhimurium 
aroA- antigen carrier vaccine strain SL3261 (Hoseith and Stocker 
1981) for use in oral and intra-peritoneal immunizations to 
determine if B-subunit specific immune responses could be 
stimulated . 

The Shiga-toxin B-subunit has been fused to the 23 kD C-terminus 
of £. coii haemolysin A (HlyA) and exported from attenuated 
antigen carrier strain of Salmonella typhimurium aroA" (SL3261) 
strain. The expression of the gene fusion has been studied under 
the control of a modified synthetic S-lactamase promoter 
(constitutive expression) and under the in vivo inducible 
aerobactin promoter. The effect of plasmid copy number has also 
been analysed by using medium copy and high copy plasmid 
vectors. Stimulation of B-subunit specific antibody responses in 
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mice after oral and i.p, immunization with hybrid SL3261 strains 
has been carried out to study three different modes of B-subunit 
expression i.e. 

(i) high-level cytoplasmic expression of B-subunit, 

(ii) B-subunit /S-galactosidase fusion protein expressed 
cytoplasmically and 

(iii) B-subunit/HlyA (23 kD C-terminus) fusion protein exported 
into the extracellular environment. 

According to the invention the expression of the Shiga toxin B- 
subunit/Haemolysin A (C-terminus) fusion proteins has been 
studied under four different conditions; 

(a) where the stxB/C-T : hlyA gene fusion is under the control of 
an in vivo inducible aerobactin promoter carried either on 
plasmid vector pBR322 (copy number of approximately 30- 

4 0/cell /genera t ion) or 

(b) on plasmid pUC18 (copy number of approximately 
70/cell/generat ion) , 

(c) the stxB/C-T : hlyA fusion under the control of a 
constitutive, moderate level expression, modified synthetic S- 
lactamase promoter and the fusions are also expressed either 
from plasmids pBR322 or 

(d) pUC18. This permitted a study of promoter strength and 
plasmid copy number on the stability of expression of the 
StxB/C-T : HlyA fusion protein. 

(e) An additional comparative analysis was also conducted where 
the B-subunit was expressed at high levels in the cytoplasm and 
as a fi-galactosidase fusion protein also expressed in the 
cytoplasm. 

Earlier studies using the haemolysin export machinery to secrete 
heterologous polypeptides were conducted in E. coli and it was 
not known whether such fusion proteins could also be exported 
from SaJ/7?oneiJa typhimurium. Expression studies according to the 
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invention were simultaneously carried out both in E. coli K-12 
and antigen carrier vaccine strain S, typhimurium aroA- SL3261. 

The comparative analysis showed that the fusion proteins could 
be exported into the medium from both B. coli K-12 and S. 
typhi/nurium aroA- strains suggesting that the haemolysin export 
machinery v;as functional in S. typhimurium. The pUC18 based 
recombinant plasmids however proved toxic to the cells and some 
degradation of the fusion protein was observed. The bacterial 
cells harbouring the plasmids could not be grown to a cell 
density of greater than 10 live cells/ml. On the other hand, 
the pBR322 based plasmids were stable and there was no evidence 
of degradation of the fusion protein and the live cell density 
of 10^ cells/ml was easily obtained. In earlier studies (Guo-fu 
Su et al. 1992), where various regions of the Shiga toxin B- 
subunit were fused into the bacterial sell surface exposed loop 
of the LamB protein, it was observed that only short B-subunit 
polypetpides could be stably expressed using LamB as a carrier 
molecule. The complete B-subunit (69 amino acids) fused into the 
LamB expression system proved toxic to the host bacteria and 
formed large intracellular aggregates (Guo-fu Su et al . 1992). 
The haemolysin export machinery therefore appears suitable when 
larger polypeptides need to be expressed as fusion proteins so 
long as the inserted polypeptide does not have any "stop 
transfer" sequences . 

The hybrid S. typhimurium aroA- strains expressing B-subunit as 

(i) cytoplasmic protein, 

(ii) fused to S-galactosidase and expressed cytoplasmically 

(iii) fused to HlyA (C-terminus) and exported into the 
extracellular environment were used for oral and i.p. 
immunization in mice to analyse which expression system proved 
most succesful in stimulation of B-subunit specific antibody 
responses. The results show that significant B-subunit antibody 
responses could be elicited using any of the three systems. 
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However high level expression of candidate antigen appears to be 
deleterious to the host bacteria and therefore moderate level 
expression appears t ^ be more suitable. Constitutive expression 
such as the synthetic 6-lactamase promoter or in-vivo inducible 
system such as the aerobactin promoter have provided better 
results in terms of the stability of the host bacteria. 

The serum responses in general were higher than mucosal antibody 
responses. One possible reason for this observation could be 
that the recovery of antibodies from the intestine is not 
efficient. The B- subuni t/S-galactosidase fusion proteins 
elicited significantly higher levels of S-galactosidase 
responses presumably reflecting higher epitope density in the 
much larger S-galactosidase polypeptide (107 kD) as compared to 
the B-subunit (7.7 kD) . 

In the following the invention is explained by means of figures 
and experimental data in greater detail. 

Figure Legends . 
Fig. 1 

Plasmid constructions for 
proteins. For convenience, 
of plasmids are shown. 

Fig. 2 

Western-Blot t analysis of expression of Shiga toxin B- 
subuni t/haemolysin A (C- terminus) fusion proteins. The B-subunit 
regions of the fiasion proteins are revealed using the B-subunit 
specific monoclonal antibody StxBMbl . 




the expression of StxB/C-T : HlyA fusion 
only the relevant parts of the insert 



(A) Lane 1, E. coli JM 101/pLG6l2+pLG575 (whole cell extract); 
lane 2, culture supernatant of cells from lane 1; lane 3, 
JM10l/pSU204+pLG575 (aerobactin promoter/stxB/C-T : hlyA/pBR322 ; 
whole cell extract); lane 4, culture supernatant of cells from 
lane 3; lane 5, JM10i/pSU206+pLG575 (MS 6-lactamase 
promoter/stxB/C-T:hlyA/pBR322; whole cell extract); lane 6, 
culture supernatant of cells from lane 5. 

(B) Same as Fig. 2A except that the host bacterium is Salmonella 
typhimuriuw aroA*SL3261. 

(C) Lane 1, SL326l/pLG612+pLG575 (whole cell extract); lane 2, 
culture supernatant of cells from lane 1; lane 3, 
SL326l/pSU203+pLG575 (aerobactin promoter/stxB/C-T : hlyA/pUC18 ; 
whole cell extract); lane 4, culture supernatant of cells from 
lane 3; lane 5, SL3261 /pSU205+pLG575 (MS S-lactamase 
promoter/stxB/C-T:hlyA/pUC18; whole cell extract) ; lane 6, 
culture supernatant of cells from lane 5. 

Fig. 3 

Mucosal and serum 
immunization with 
(SL3261) . 

Fig. 3.1. 

B-subunit responses after immunizations with SL32C;i/pSU108 
(high-level cytoplasmic expression of B-subunit) and 
SL32 6l/pJLA503 (negative control) . 

Fig. 3.2. 

B-subunit and S-galactosidase antibody responses after 
immunizations with SL3 2 61/pSU207 (B- subuni t/fi-galactosidase 
fusion protein expressed cytoplasmically ; expression under the 
control of aerobactin promoter) and SL3261/pconl (plasmid vector 




antibody responses in mice after oral and i.p. 
various hybrid S. typhiwurium aroA" strains 



expressing lacZ under the control of aerobactin promoters- 
negative control for B-subunit responses) . 

Fig. ? 3. 

B-subunit antibody responses after immunization with 
SL3261/pLG575/pSU204 (expressing stxB/C-T: :hlyA under the 
control of aerobactin promoter) , SL326l/pLG575/pSU206 
(expressing stxB/C-T : : hylA under the control of MS-S- lactamase 
promoter) and SL3261/pLG575/pLG612 (expressing C-T::hlyA under 
the control of lac promoter; negative control for B-subunit 
responses) . 

MATERIALS AND METHODS. 

Bacterial strains, plasmids and media. 

E. coli strain JMlOl (F-, traD36, lacl^, (lacZ)M15, proAB, supE, 
thi, lac-proAB; Yanisch- Perron et al . 1985) was used as the 
recipient for all recombinant plasmids. Salmonella typhimurium 
aroA- mutant SL3261 (Hoseith and Stocker 1981) and the 
restriction negative S. typhimurium strain SL5283 were kindly 
provided by B.A.D. Stocker (Stanford Univ. Sch. of Medicine, 
USA) . Plasmids pLG612 (carries the 23 kO C-terminus of hlyA and 
part of the N-terminus of hlyB under the control of the lac 
promoter inducible with IPTG) and pLG575 (chloramphenicol 
resistant plasmid carrying the hlyB and hlyD genes cloned into 
the tet resistance gene of plasmid pACYC184; Mackman et al . 
1985) were kindly provided by Dr. Holland (Univ. of Leicester, 
U.K.). Plasmid pSU201 (Guo-fu Su et al. 1992) carries the stxB 
gene under the control of the aerobactin promoter and plasmids 
pBR322 (Bolivar et al . 1977) and pUC18 (Yanisch- Perron et al . 
1985) were used as general purpose cloning vectors. The 
following plasmids have been described by Guo-fu Su and 




colleagues (1992); (i) plasmid pSUlOS (carrying stxB gene under 
the control of lambda Pj^ and Pj^ promoters v;hich are 
thermoinducible) , (ii) plasmid pJLA503 (high level expression 
plasmid; Schauder et al. 1987), (iii) plasmid pSU207 (carrying 
stxB/lacZ gene fusion under the control of aerobactin promoter) , 
(iv) plasmid pconl (carries the lacZ gene under the control of 
aerobactin promoter; Lorenzo et al . 1987). 

Luria broth and Luria agar (Miller 1972) were used as complete 
media for the routine growth of all strains and where 
appropriate, bacterial growth media were supplemented with 
antibiotics ampillicin (100 ^g/ml) or chloramphenicol (30 
/xq/ml) . Restriction endcnucleases , T4 DNA ligase, DNA polymerase 
(Klenow enzyme) and all other enzymes were purchased either frcm 
Boehringer GmbH (Mannheim, Germany) or from New England Biolabs, 
Inc. Beverly, Mass.; and were used as recommended by the 
manufacturer . 

DNA manipulations. 

DNA preparation and genetic manipulat ions were carried out 
according to standard protocols (Maniatis et al . 1982) and 
plasmid DNA transformation of bacterial cells was performed as 
described by Hanahan (1583) . 

SDS"polyacrylamide gel electrophoresis . 

Discontinuous sodium dodecyl sulf ate-polyacrylamide gel 
electrophoresis (SDS-PAGE) was carried out as described by 
Schaegger and Jagow (1987) SDS-PAGE prestained molecular weight 
markers were either from BIO-Rad (in kD ; 97.4, 66.2, 45,0, 31.0, 
21.5, 14.4) or from Sigma (in kD; 84.0, 58.0, 48.5, 36.5, 26.6) 
as metioned in the figure legends. 



Western blotting of whole cell extracts and culture supernatant 
fractions . 

Bacterial cells from 1 ml of over-night culture were collected 
by centrif ugat ion and to the supernatant fraction (approximately 
900 fil) , ICQ fil of 100 % TCA (Tri-chloro acetic acid) was added 
to precipitate the extracellular proteins. After thorough 
mixing, the sample was incubated at 4^ C for 30 min, centrif uged 
for 15 min and the supernatant was discarded. The protein pellet 
(culture supernatant fraction) was resuspended in 20 /il sample 
buffer (16 fxl IM Tris-base, 2 ^1 lOx cracking buffer [Ix 
cracking buffer: 60 mM Tris-HCl pH 6.8, 1 % SDS , 1 % 2- 
mercaptoethanol, 10 % glycerol, 0,01 mg bromophenol blue], 2 /il 
glycerol) . The bacterial pellet (whole cell fraction) was 
resuspended in 50 /il sample buffer. The supernatant and whole 
cell fractions were heated to 100 for 10 min. before loading 
20 /il samples on SDS-PAGE. After electrophoresis the gels were 
blotted onto nitrocellulose and the Shiga toxin B-subunit/HlyA 
fusion proteins were revealed using the StxBMbl B-subunit 
specific monoclonal antibody (Guo-fu Su et al . 1992). 

Immunization and collection of sera and intestinal washings. 

Oral and i.p. immunizations of 8-10 week old female BALB/c mice 
(four mice per immunization) were carried out essentially as 
described by Guo-fu Su and colleagues (1992) . Innocula for 
immunization were prepared as follows. 

Overnight culture of S. typhiwurium aroA" strain S.L3261 either 
carrying plasmid pSUlOS or pJLA503 (negative control) were 
freshly cultivated in Luria broth containing ampicillin until 
°°600 reached 0.7. The cells were shifted to 42 for 45 min to 
induce the lambda and Pj^ promoters. The cultures were washed 
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twice in sterile normal saline and resuspended in an appropriate 
volume of saline to obtain a final concentration of lO"^-*- CFU/ml . 
0.1 ml cell suspension was used for oral immunization. Cells 
were further diluted to 10^ CFU/ml and 0 . 1 ml cells were used 
for i.p. immunization. 

SL3261 strains carrying either plasmids pconl (negative control) 
or pSU207 were also grown as above until ODgQQ reached 0.3. 
2, 2 • -bipyridyl was added (final concentration of 100 (jlM; for 
induction of the aerob^^ctin promoter) and cells were grown 
further for 3 hr. The cultures were washed, resuspended and used 
for immunization as mentioned above. 

SL326l/pLG575 strains carrying either plasmids pLG612 (negative 
control), pSU204 or pSU206 were grown as above in Luria broth 
supplemented with ampicillin and chloramphenicol until OD^qq 
reached 1.0 (for plasmid pSU206) and 0.3 (for plasmid pLG612 and 
pSU204) . Cells carrying plasmid pLG612 were induced with IPTG 
(final concentration 1 mM) and cells carrying plasmid pSU204 
were induced with 2 , 2 ' -bipyr idyl (final concentration 100 (iM) , 
SL3261/pLG575/pLG612 cultures were grown further for 45 minutes 
and SL3261/pLG575/pSU204 cultures were grown further for 3 hrs . 
The cells were washed, resuspended and used for immunization as 
stated above. 



ELISA. 

Sarnples for ELISA were serially diluted in phosphate-buffered 
saline (pH 7.2). Ant i -B-subuni t and ant i - jS-galactosidase 
determinations were carried out by pre-coating microtiter plates 
with 1 fig of purified B-subunit (Guo-fu Su et al . 1992) and 1 fig 
purified 6-galactosidase (purchased from Sigma Chemical Co.) 
respectively. Serum IgG + IgM was determined using peroxidase 
conjugated goat anti-mouse IgG + IgM (purchased from Dianova) 
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and mucosal IgA was determined using peroxidase conjugated goat 
anti-mouse IgA (obtained from Southern Biotechnology Inc.). The 
results were read using the Bio-Rad Microplate Reader (Model 
3550) . 

Plasmid construction for expression of HlyA (C- terminus) /B- 
subunit fusion proteins. 

The EcoRI/Bglll fragment from phagemid pSU201 (Guo-fu Su et al. 
1992) carrying stxB under the control of the aerobactin promoter 
was subcloned into the EcoRI/Smal sites of plasmid pUClS to give 
plasmid pSU202 (as shown in Fig. 1) . The C-terminal 23 kD region 
of hlyA (designated C-T:hlyA) and approximately 50 bp of the N- 
terminal region of hlyB, carried on a Smal/Hpal fragment was 
inserted into the Hindi site of plasmid pSU202. The resulting 
plasmid, pSU203 (Fig. 1) carries the stxB gene fused in-frame 
with C-T:hlyA. The ScoRI/HINDIII fragment of plasmid pSU203 
carrying the aerobactin promoter stxB/C-T : hlyA cassette was 
subcloned into the EcoRI/HINDIII sites of plasmid pBR322 to give 
plasmid pSU204 (Fig. 1). 



The EcoRI/BamHI fragment of plasmid pSU203 which carries the 
aerobactin promoter was replaced with the modified synthetic S- 
lactamase promoter (designated MS S-lactamase promoter; for 
details, see Guo-fu Su et al . 1992). This construction resulted 
in plasmid pSU205 (Fig. 1) which carries an EcoRI/HINDIII 
cassette comprising of the MS S-lactamase promot er/stxB/C-T : hlyA 
region which could be inserted into the EcoRI/Hindl I I sites of 
plasmid pBR322 to give plasmid pSU206 (Fig. 1) . 

Plasmids pSU203 and pSU204 (carrying the aerobactin promoter/ 
stxB/C-T: hlyA cassette in pUC18 and pBR322 vectors 
respectively) , and plasmids pSU205 and pSU206 (carrying MS fi- 
lactamase promoter/stxB/C-T : hlyA cassette in pUC18 and pBR322 
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vectors respectively) , were transformed into E. coli K-12 and S. 
typhiwuriuw aroA" SL3261 strains carrying plasmid pLG575. Prior 
to transformation of S, typhimurium aroA" SL3261, the plasmids 
were first passaged through tne restriction negative S. 
typhimurium strain SL5283. 

Western blotting analysis of StxB/C-T : HLyA fusion proteins in E. 
coli K-12 and Salmonella typhimurium aroA- strain SL3261. The 
pellet and supernatant fractions of the bacterial cells 
harbouring the recombinant and control plasmids were 
electrophoresed on SDS-PAGE and blotted onto nitrocellulose. The 
fusion proteins were revealed using the B-subunit specific 
monoclonal antibody, StxBMbl (Fig. 2) . The StxB/C-T : HlyA fusion 
protein was found to be exported into the extra -cellular 
environment in all the strains analysed (Figs. 2A, B and C, 
lanes 4 and 6). The StxB/C- T : H] yA fusion protein expressed by 
the aerobactin promoter is 7 kD larger than the same fusion 
protein expressed by the MS IS- lactamase promoter since the 
EcoRI/BamHI aerobactin promoter fragment in plasmid pSU201 
(Fig.l) also carries a part of the iucA gene (the first gene of 
the aerobactin operon) which encodes a 7 kD polypeptide (Lorenzo 
et al . 1987) . 

The amount of the fusion protein expressed was much higher in 
pUClS based plasmids as compared to pBR322 based vector (Compare 
Fig. 2B and C, lanes 4 and 6) . However, the higher level of 
expression also led to some degradation of the fusion protein 
(Fig. 2C, lanes 4 and 6) and also proved toxic to the host cells 
since it was not possible to grow these bacteria to a live cell 
density of more than lo'^ cells/ml. The pBR322 based constructs 
were stable and the cells could be grown to 10^ live cells/ml. 

Analysis of B-subunit specific immune responses in mice after 
oral and intra-peritoneal immunization with hybrid Salmonella 
typhimurium aroA- strain SL3261. 



- 16 - 



Salmonella typhimurium aroA- (SL3261) strains expressing B- 
subunit in three different forms were analysed for the 
stimulation of B-subunic specific immune responses in mice after 
oral or i.p. immunization. The expression systems tested 
include; 

(i) cytoplasmic high-level expression of B-subunit (plasmid 
pSUlOS; Guo-fu Su et al . 1992), 

(ii) cytoplasmic expression of B-subunit/S-galactosidase fusion 
protein (plasmid pSU207; Guo-fu Su et al. 1992), 

(iii) B- subunit/C-T : :HlyA fusion protein expressed either under 
the control of the aerobactin or the MS-fi- lactamase promotor 
(plasmids pSU204 and pSU206) . These fusion proteins are exported 
into the extracellular space. 

Intestinal fluid was analysed for ant i -B-subunit mucosal IgA and 
serum IgG and IgM antibody responses while the serum from i.p. 
immunized mice was analysed for IgG and IgM antibody responses. 
The samples obtained after immunization with S. t3/phimuriuni 
aroA'carrying plasmid pSU207 were also analysed for 
galactosidase responses. The results (Figs. 3.1, 3.2 und 3.3) 
showed that in all cases significant B-subunit specific antibody 
responses were detected in both the serum and intestinal fluid. 
However, plasmid pSUlOS carrying salmonellae were unstable 
presumably due to the high-level expression of the recombinant 
B-subunit. The serum antibody responses were in general higher 
than mucosal antibody responses. For plasmid pSU207 (Fig. 3.2) 
anti -S-galactcsidase antibody responses were significantly 
higher than B-subunit specific antibody responses. 
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Biological Material 

DNA for HlyA (= Haemolysin 

SLT-II (= Shiga Like Toxin I 
SLT-IIv 

S- lactamase -Promoter 
Aerobactin-Promoter 
pBR 322 
pUC 18 

S. t. aroA SL3261 



Availability 

Cf. pSU 204 = DSM 7045 
or pSU 205 = DSM 7046 

) Stockbin et al., Infect. 
Immun., 50 (1985) 
695-700 and 53 (1986) 
135-140 

loc. cit . 

cf. pSU 205 = DSM 7046 

cf. pSU 204 = DSM 7045 

Boehringer Mannheim 

Boehringer Mannheim 

Hosieth & Stocker, 
Nature, 291 (1981) 
238-239 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS : 



1. Hybrid DNA. characterized in that 

(a) a DNA structure coding for a subunit B of a Shiga toxin or Shiga-like 
toxins as a bacterial toxin, is fused with a DNA structure coding for the 
C-terminus of a HlyA (haemolysin) fragment and 

(b) that a constitutive promoter or a promotor which can be induced under in 
vivo conditions for the expression in a Salmonella strain is provided in 
front of both coding DNA structures. 

2. Hybrid DNA according to claim 1. characterized in that the bacterial toxin 
is SLT-II or SLT-IIv. 

3. Hybrid DNA according to claim 1 , characterized in that a promotor for the 
expression in S. typhimurium, for example S. t. aroA- SL3261, is provided in 
front of both coding DNA structures. 

4. Hybrid DNA according to claim 3, characterized by a p-Lactamase 

prnmntor of fhp wild tvop or n mndifirntinn of thn wild tvop whnrnin thp 
promotor of the wild type or as a modification of the wild type, wherein the 
promotor can be provided synthetically or not, 

5. Hybrid DNA according to claim 3, characterized by an Aerobactin 
promotor. 

6. Plasmid, characterized by a hybrid DNA according to any one of the 
preceding claims. 

7. Host strain, characterized by a plasmid according to claim 6, especially a 
Salmonella strain, especially S. typhimurium, for example S. t. aroA' SL3261. 
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8. Oligohybnd peptide, characterized by a subunit B of a Shiga toxin or 
Shiga-like toxin which has been fused with the C-terminal fragment of HlyA. 

9. Vaccine, consisting of or comprising the oligohybrid peptide according to 
claim 8 together with pharmaceutically acceptable carriers and excipients. 
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